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My invention relates, generally, to control Sys 
tems, and it has reference, in particular, to 
switching control Systems for accurately control 
ling the energization of load circuits from alter 
nating current sources. 
Generally stated, it is an object of my inven 

tion to provide a Switching System which is simple 
and inexpensive to manufacture and is accurate 
and reliable in operation. 
More specifically, it is an object of my inven 10 

tion to provide for using a rectifier means in 
Connection. With contact devices to permit inter 
ruption of a load circuit during half cycles when 
Substantially no current is carried by the con 
tact devices, So as to require only a minimum 
movement of the contact devices to interrupt the 
Circuit. 

It is also an object of my invention to provide 
for using a plurality of relatively high speed con 
tact devices having a contact separation less than 
that normally required for interrupting the load 
Current for controlling the energization of a load 
circuit from an alternating current source, and 
using unidirectional current devices for blocking 
the flow of current through the contact devices 
in alternate half cycles so that interruption of 
the circuit may be effected when the flow of load 
current is blocked by the unidirectional current 
devices. 
Another object of my invention is to provide for 

limiting the flow of current through a contact de 
Vice so that the contacts thereof need be sep 
arated only a minimum amount to successfully 
interrupt a load circuit. 
Yet another object of my invention is to pro 

Wide for blocking the flow of alternating current 
through each of a pair of contact devices which 
are connected in parallel circuit relation on alter 
nate half cycles so that operation of the contact 
devices may be effected during half cycles in 
which the flow of current therethrough is blocked. 

Still another object of my invention is to pro 
vide for accurately controlling the energization 
Of a circuit from an alternating-current source 
by using relatively high speed contact devices 
having a contact separation much less than that 
required to interrupt the normal flow of current 
in the Circuit and using rectifier means in series 
With each of the contact devices so that they may 
be operated during half cycles when carrying only 
the reverse current of the rectifier means. 
Other objects Will, in part, be obvious and 

Will, in part, be explained hereinafter. 
In accordance with one embodiment of my in 

vention, a pair of high Speed contact devices are 
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connected in parallel circuit relation for control 
ling the energization of a load circuit from an 
alternating-current source. High speed opera 
tion of the contact devices is largely secured by 
providing them with only a minimum amount 
of contact separation which may be much less 
than that normally required to interrupt the load 
current. Interruption of the load current is suc 
cessfully effected by connecting rectifier means 
in Series with the contact devices in opposite 
senses, so that the flow of load current there 
through is prevented on alternate half cycles. 
Operation of the contact devices is effected so 
that they open and close only in the half cycles 
during which their respective rectifier means 
block the flow of load current, Whereby only the 
reverse current of the rectifier means need be 
interrupted. 
For a more complete understanding of the 

nature and Scope of my invention, reference may 
be made to the following detailed description, 
which may be studied in connection with the ac 
Companying drawing, in which: 

Figure 1 is a diagrammatic view of a switching 
System embodying the invention in one of its 
forms; 

Fig. 2 shows an alternating-current voltage 
wave with the half cycles numbered to facilitate 
following typical operations for the System of 
Fig. 1; and 

Fig. 3 is a diagrammatic view of a switching 
System embodying the invention in another of its 
forms, - 

Referring to Fig. 1, the reference numeral O 
may denote, generally, a control System. Wherein 
a load device f may be connected to a source 
of alternating Current through conductors 2 and 
3 by switch means denoted, generally, by the 
numeral 4. 
The SWitch means may, for example, comprise 

a pair of contact devices 6 and 7 having con 
tact members Ga and Ta, respectively, con 
nected in parallel circuit relation between the 
conductor 3 and an auxiliary conductor 8 for 
Connecting the load device to the alternating 
Current Source. The contact devices 6 and 7 
may be of Substantially similar construction com 
prising, for example, a generally C-shaped mag 
netic core member 20 having pole members 2 
Separated by a relatively small air gap 22. The 
pole members may be provided with beveled faces 
23 so as to provide a high concentration of mag 
netic flux at the outer edge of the air gap which 
may be less than the thickness of the core mem 
ber. For example, with a generally rectangular 
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core having overall dimensions about 24 inches 
square and having a cross section about 58 inch 
wide by A inch thick, an air gap of about 946 inch 
may be used with the pole faces at approximately 
45°. Operating windings 24 and 25 may be posi 
tioned on the core members 20 for effecting 
operations of the contact devices. 

In order to effect high speed operation of the 
contact members 6a and a of the contact de 
vices 6 and , movement of these contact men 
bers may be limited to a minimum which is much 
less than the distance normally required for in 
terrupting a load circuit having a load current 
flowing therein of the value which the contact 
members are arranged to carry. 

High speed operation of the contact members 
may be secured by mounting them. On Support 
members 26 having magnetic armatures 27 of a 
relatively small size arranged for bridging the 
air gaps 22 and positioned in relatively close 
relation to the pole members 2 of the Core nem 
bers 20. To keep the masses of the armatures to 
a minimum, it is preferable that the cross section 
of the armature be Small compared to the CrOSS 
Section of the COre, and that the arnature OWer 
lap the pole tips to provide air gaps having areaS 
each at least equal to the CrOSS Sectional area of 
the almature So that the armature may be Sat 
urated before the pole tips are. By utilizing a 
relatively short travel of the contact members, 
for example, .025 inch, only a relatively small 
movement of the armatures 27 is necessary for 
this contact travel. Therefore, the armatures 
27 may be relatively Small and light, having a 
length about three times the length of the air 
gap, a thickness about equal to the length of the 
air gap, and a width slightly less than that of 
the core, and may be positioned relatively close 
to the magnetic core members 20, on the Order of 
.02 to .03 inch, so as to leave an air gap inter 
mediate it and the core when the contact mem 
bers are in the closed position, and a relatively 
high concentration of magnetic flux therethrough 
may be secured for effecting rapid movement of 
the Support members 26. 
The Support members may comprise Cantilevel 

Spring member's Secured at the end opposite the 
contact members, or may, as shown, be supported 
by means of pivots 28 and provided with com 
pression Spring members 29 for maintaining the 
contact members in a normally open position. 
Operation of a contact device embodying these 
features may be accomplished in less than one 
half cycle. The air gap in the closed position 
facilitates high speed operation by preventing 
retardation of airmature movement by the resid 
ual flux. 

In order to permit the contact members 6a 
and a to interrupt the energization of the load 
device Successfully, unidirectional current 
means, Such as the dry type rectifier devices 30 
and 3, may be connected in series circuit rela 
tion. With the contact members Sa and Ta in 
Opposed relation. Operation of the contact de 
Vices S and 7 may be secured during the half 
Cycles in Which their respective rectifier devices 
prevent the foW of load current through their 
Contact members. For example, control means 
denoted, generally, by the numeral 32 may be 
provided for effecting the energization of the 
Operating Winding 24 only during half cycles in 
Which the conductor 2 is negative, so that the 
rectifier device 30 may be effective to block the 
flow of load current through the contact mem 
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5 conductor 2 is negative. 

4. 
ber 6a, during the interval in Which they open 
or close. 
The control means 32 may comprise valve 

means 33 of the arc discharge type having a 
cathode 34 connected to the conductor 2 and 
an anode 35 connected to the operating Winding 
24. The valve means may be provided With a 
control grid 36 for controlling the conductivity 
thereof. Means such as the battery 3T may be 
used in connection with a control SWitch 38 and 
suitable control means 39 of a type Well knoWn 
in the art, for applying control Voltages to the 
control grid 36 for suitable timed intervals dur 
ing which it is desired to maintain the load en 
ergized. The control means may comprise, for 
example, a timing circuit such as ShoWn and de 
scribed in the Dawson Patent No. 2,008,413, Serial 
No. 707,931, which issued on July 16, 1935, and is 
assigned to the assignee of the present invention. 
In order to provide for maintaining the con 

tact members 6d. in the closed position during a 
half cycle in which the contact members are Con 
ducting the load current, a unidirectional hold 
ing circuit may be provided for the operating 
winding 24 through the contact members 6d by 
means of a rectifier device 40, a conductor 4t, 
a conductor 42 and a control transformer 43. 

Operation of the contact device may be 
Secured during a half cycle in Which the contact 
device 6 is carrying the load current by provid 
ing a unidirectional energizing circuit for the 
Operating Winding 25 thereof through the contact 
members : Sa of the contact device 6 by means 
Of a rectifier device 44 and a conductor 45. The 
contact members a may be maintained in the 
closed position for the Succeeding half cycle dur 
ing Which the contact members are carrying the 
load current by means of a unidirectional hold 
ing circuit including a rectifier device 46 and 
auxiliary contact members b, 
Referring to Figs. 1 and 2 the operation of the 

cOntrol System of Fig. 1 nay be described as foll 
lowS. Suppose, for example, the odd numbered 
half cycles of Fig. 2 represent those in which the 

If the grid 36 of the 
Valve means 33 is provided with a suitable con 
trol Voltage for making the Waive means conduc 
tive, nothing can happen until the beginning of 
an Odd half cycle such as the half cycle i3 when 
a positive voltage is applied to the anode 35 of 
the valve means 33 from the conductor 3. The 
Valve means 33 conducts and energizes the op 
erating Winding 24 of the contact device 6 
through a circuit extending from the conductor 
3, the left-hand portion of the control trans 
former 43, through conductor 42, operating wind 
ing 24, conductor 48, and the valve means 33 to 
conductor 2. The contact device 6 operates, 
closing the contact members 6d, but the flow 
of load current is prevented by the rectifier means 
30 until the next half cycle. 

In half cycle F4 the load device is energized 
through the circuit extending from the conduc 
tor 2 through the load device, conductor 8, rec 
tifier device 30, contact members 6a, to conduc 
tor f3. At the same time the operating winding 
25 of the contact device is energized through 
the circuit extending from the conductor 2, the 
right-hand side of the control transformer 43, 
conductor 42, conductor 50, operating winding 
25, conductor 45, rectifier device 44, conductor 4 , 
and contact members 6a to conductor f3. The 
contact device 7 operates, closing contact mem 
ber fla but the flow of current therethrough is 
blocked during this half cycle by the rectifier 
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device 3 ?. Throughout half cycle #4 the contact 
device 6 is maintained in the closed position by 
means of the holding circuit extending from con 
ductor 2 through the right-hand side of the 
control transformer 43, conductor 42, operating 
winding 24, rectifier device 40, conductor 4, and 
contact member 6a, to conductor f3. 

If the control grid 36 remains Suitably ener 
gized, the contact device 6 is maintained in the 
closed position during half cycle #5 by means of 
the energizing circuit completed between the con 
ductors 3 and 2 by means of the Valve means 
33. The load device f l remains connected to the 
source through the circuit extending from the 
conductor f3, contact member fla, rectifier de 
vice 3, conductor f8, load device to conductor 
2. Energization of the load device may thus 
be maintained for any suitable length of time by 
maintaining the Valve means 33 conductive 
through operation of the control switch 38 dur 
ing the half cycle in which the conductor 2 is 
negative. 

Suppose, for example, the control voltage is 
removed from the control grid 36 during half 
cycle if 6. During this half cycle the contact de 
vice f 6 carries the load current and is maintained 
in the closed position by the energizing circuit 
extending from the control transformer 43, 
through the operating winding 24, rectifier de 
vice 40, conductor 4 and the contact members 
f 6a, so that operation of the contact device 6 
is unaffected by the valve means being made 
nonconductive in an even numbered half cycle. 
Since the contact device is maintained in the 
closed position through the holding circuit ex 
tending through the contact member 6a, it is 
likewise unaffected during this half cycle. 
At the beginning of half cycle F7, the holding 

circuit for the contact device 6 through the con 
tact member 6d. is blocked by the rectifier de 
vice 40 which is nonconductive When the con 
ductor 2 is negative. The contact device T re 
mains closed by virtue of the holding circuit 
through the rectifier device 46 and the auxiliary 
contact members b and carries the load cur 
rent. Since the valve means 33 is nonconductive, 
the operating winding 24 is deenergized and the 
contact members 6d open. During half cycle #8, 
the rectifier device 3 in Series With the contact 
members 7d of the contact device 7 blocks the 
flow of load current. Since the holding circuit 
through the auxiliary contact member 7 b is 
blocked by the rectifier device 46 during this half 
cycle when the conductor 2 is positive, and the 
holding circuit for the operating winding 25 
through the contact members 6d. is already in 
terrupted, the operating winding 25 is deener 
gized and the contact device 7 opens, thus com 
pletely disconnecting the load device from the 
SOUCe. 

Since the contact devices operate only during 
the particularly half cycle in which the flow of 
load current is blocked by their respective recti 
fier devices, the load device may be successfully 
disconnected from the source by a minimum of 
separation of the contact members 6d and 7d. 
By using a contact separation on the Order of 
.025 inch, for example, and providing a magnetic 
core structure which requires an armature hav 
ing only a minimum of mass, the mechanical in 
ertia of the contact devices may be reduced to 
a minimum and the closing force maintained at 
a maximum. Relatively high speed operation of 
the contact devices may thus be secured so that 
operation thereof may be effected in less than 
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one-half cycle, so as to insure interruption of the 
load circuit during half cycles in which the flow 
of current is blocked by the respective rectifier 
devices. 
A contact device Such as shown and described 

hereinbefore has been satisfactorily operated for 
more than 500,000 operations handling a current 
of 50 amperes at 110 volts, without any signs of 
failing, thus proving that effective interruption 
of the circuit may be secured in accordance with 
the embodiments of my invention. Currents of 
100 amperes have also been interrupted Without 
any trouble. Any even number of half cycles 
of conduction may thus be easily secured by 
means of a switching system embodying the fea 
tures of my invention. 

Referring to Fig. 3, the reference numeral 54 
may denote, generally, a control System wherein 
a load device may be connected to a suitable 
source of alternating current through conductors 
2 and 3 by means of switch means denoted, gen 

erally, by the numeral 55. The switching means 
may, for example, comprise a pair of contact de 
vices 56 and 57 having operating windings 58 and 
59. These contact devices may be of generally the 
same construction as the contact devices 6 and 

of Fig. 1 and connected in a similar manner 
between the conductors 3 and 8 with rectifier 
devices 30 and 3 connected in opposed relation 
in series circuit relation With each of the recti 
fiers. 
In order to provide for Switching a reactive load 

which may produce relatively high transient cur 
rents if connected to the source at the Zero point 
of voltage wave, an impedance device 60 may be 
connected in series circuit relation. With the con 
tact members 56a of the contact device 56 for 
limiting the flow of current therethrough. An 
auxiliary contact device 6 having an operating 
Winding 62 may be provided, of substantially sim 
ilar construction to the other contact devices, and 
connected in parallel circuit relation therewith 
between the conductors 3 and 8. No rectifier 
device need be used in connection. With the con 
tact device 6, which is disposed to carry the load 
current on both half cycles of alternating current 
Wave subsequently to the initial half cycle during 
which the load is connected to the source, and 
until the final half cycle during which the load is 
disconnected from the source. Energization of 
the operating Winding 62 of the contact device 6 
may be initially effected through a unidirectional 
circuit including a rectifier device 63, and ex 
tending through the contact members 56a of the 
contact device 56. Auxiliary contact members 
56b may be provided for effecting energization 
of the operating winding 62 through the valve 
means 33 after the contact device 56 operates. 
Energization of the operating Winding 59 of the 
contact device 57 may be effected in a similar 
manner as is described in connection with the 
contact device T in Fig. 1. 
In order to effect operation of the contact de 

vice 56 only on even half cycles during which the 
conductor 2 is positive, control means 65 may be 
provided comprising, for example, valve means 33 
Of the arc discharge type having an anode 35 and 
a cathode 34 connected in series circuit relation 
With the Operating winding 58 of the contact de 
vice 56 and the conductors 2 and 3. In order 
to maintain the Valve means 33 normally noncon 
ductive, suitable control means may be provided 
such as, for example, the control resistor 67 and 
rectifier device 68, which may be connected so as 
to provide a charging circuit through a control 
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capacitor 69 which puts a negative bias Voltage 
on the control grid 36 of the valve means. 
For the purpose of making the Valve means 

conductive only at the beginning of half cycles 
when the conductor 2 is negative, an auxiliary 
control circuit may be provided for removing the 
negative bias during half cycles When the Con 
ductor f2 is positive. The control circuit may 
comprise a control resistor 70 and a rectifier de 
vice 7 which may be connected to the control 
grid 36 through a suitable control Switch 12, 
which may be actuated in any suitable manner, 
Such as by means of a timing circuit similar to 
that of the Dawson patent hereinbefore referred 
to, from the high voltage terminal of a step-up 
autotransformer 74 which may be connected be 
tween the conductors 2 and 3. A control volt 
age may thus be applied to the capacitor 69 when 
the conductor 2 is positive to sufficiently reduce 
the negative bias thereof to permit the valve 
means to conduct on the next half cycle. 
Operation of the control System of Fig. 3 may 

be described substantially as follows. Normally 
the control circuit 69, 67, and 63 maintains the 
valve means 33 nonconductive. If the switch 2 
is closed during half cycle 1 of Fig. 2, in Which 
the conductor 2 is negative, no action results, 
since the rectifier devices 68 and are noncon 
ductive, and the grid bias circuit including the 
capacitor 69, resistors 6 and rectifier device 68 
maintains a negative bias voltage on the control 
grid because of its time constant, rendering the 
valve means 33 nonconductive. 
At the beginning of half cycle F2 during which 

the conductor 2 is positive, a control Voltage is 
applied to the capacitor 69 through the circuit 
extending from the right-hand high voltage ter 
minal 73 of the autotransformer 4 through con 
ductor 5, the control switch 72, rectifier device 

, control resistor 70 and capacitor 69 which dis 
charges the capacitor and reduces the negative 
bias on the control grid sufficiently to render the 
valve means conductive When the anode becomes 
positive. 
During half cycle if3, during which the con 

ductor 2 is negative, the valve means 33 con 
ducts and the operating winging 58 of the contact 
evice 56 is energized through the circuit extend 

ing from the center tap of the autotransformer 
A through conductor TT, conductor 78, operating 
Winding 53, conductor 9, and valve means 33 to 
the other side of the line. The contact device 
55 closes, but the flow of load current there 
through is prevented by the rectifier device 30. 
On half cycle it4, during which the conductor 

2 is positive, contact members 53a carry the 
load current, which is limited to a reasonable 
value by the impedance device 6), so as to pre 
vent undesirable transients should the load device 

be reactive. During this half cycle, the con 
tact device 56 is maintained in the Operating 
position by the holding circuit extending from 
the center tap of the autotransformer T4 through 
conductor , conductor 8, the Operating wind 
ing 58, rectifier device 48, conductor 4, and con 
tact members 56d to conductor 3. At the Same 
time, contact devices 5 and 6 are operated to 
the closed position by the energization of the 
operating windings 59 and 62 thereof through the 
circuits extending from the center tap of the 
autotransformer T4, respectively, through conduc 
tors 7, 82, operating Winding 59, rectifier device 
44, conductor 83, and conductor 4, through con 
tact members 55a to conductor f3, and through 
operating winding 62, rectifier device 63, conduc 
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8 
tor 83, Conductor 4 and contact members 56d. 
to conductor 3. 
On half cycle it5, the contact device 6f carries 

the principal load current, since the impedance 
of the circuit through its contact members 8 a. 
is Substantially less than that through the Con 
tact members 56a of the contact device 56. The 
rectifier device 3 blocks the flow of current 
through the contact member 57 d of the contact 
device 5. If the SWitch 72 is maintained in the 
closed position, the contact device 6 continues 
to carry the principal load current on both half 
cycles. 

If the control switch T2 is opened during half 
cycle it 6, while the conductor 3 is negative, the 
control voltage applied to the control grid 36 im 
mediately becomes negative by reason of the bias 
circuit through the capacitor 69, resistor 6 and 
rectifier device 68 So that the valve means 33 
ceases to conduct at the end of this half cycle. 
The contact device 6 continues to carry the prin 
cipal load current during the half cycle. 
On half cycle i7, when the conductor 2 be 

comes negative, the valve means 33 remains non 
conductive and the rectifier device 30 blocks the 
flow of load current through contact members 
56d. Rectifier device 40 blocks the energizing 
circuit for the Operating Winding 58 of the COn 
tact device 56, so that the contact device 56 opens, 
This interrupts the energizing circuit for the op 
erating winding 62 of the contact device 6 so 
that it opens likewise. The contact device 5T 
remains in the closed position by reason of the 
holding circuit through the operating Winding 59, 
rectifier device 45 and auxiliary contact linembers 
5b, and continues to carry the load current dur 
ing this half cycle. 
On half cycle i8, when the conductor 2 be 

connes positive the rectifier device 3 f blocks the 
flow of current to the load device . The operat 
ing winding 59 of the contact device 5 becomes 
deenergized, and the contact device returns to 
the deemergized position so that the load device 
is effectively disconnected from the source. 
The length of time of the conducting period 

may be controlled by controlling the time during 
Which the control switch 72 is closed, by means 
of Suitable timing circuits such as are Well known 
in the art and such as have been hereinbefore 
referred to, or by adjusting the values of the con 
trol resistors T0, 67, and 66 and the capacitor 69 
so as to vary the time constants of the control cir 
cuits applying bias voltages to the control grid 
36. 
Control Systems embodying the features of my 

invention are both simple and inexpensive to 
manufacture and reliable and efficient in opera 
tion. Since each of the rectifier devices is in 
service during only one-half cycle in each oper 
ating period, relatively heavy momentary cur 
rents may be carried thereby without any danger 
of overheating. By using rectifier devices in the 
manner hereinbefore described to block the flow 
of current through contact devices in alternating 
half cycles, effective interruption of a relatively 
heavy load circuit may be secured with a mini 
mum of contact separation, since only the reverse 
current of the rectifier device need be inter. 
rupted. In this manner the inertia of the con 
tact devices may be reduced to a minimum so 
that high Speed operation (one-half cycle or less) 
may be secured for efficiently interrupting the 
Circuit during the periods of low current flow. 
Accurately timed impulses of a few cycles dura 
tion may thus be obtained for such applications 
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as timing high speed X-ray photographs, and 
SOne Welding applications. 

Since certain changes may be made in the 
above description and different embodiments 
of the invention may be made without departing 
from the spirit and scope thereof, it is intended 
that all the subject matter contained in the above 
description or shown in the accompanying draw 
ing shall be considered as illustrative and not in a 
limiting Sense. 

I claim as my invention: 
1. A control system for a load circuit disposed 

to be energized from an alternating current Source 
Comprising, a pair of contact means connected 
in parallel circuit relation and in series circuit 
relation with the load circuit and the source, 
rectifier means connected in series circuit rela 
tion with each of the contact means and in oppo 
site senses, control means effecting closure of one 
of the contact means during a half cycle when 
its rectifier means blocks the flow of load cul 
rent, circuit means maintaining said one contact, 
means closed during the next half cycle, addi 
tional circuit means for effecting closure of the 
other contact means While Said one contact means 
carried the load current, and circuit means de 
pendent on the cloSure of Said one contact means 
effective to maintain said other contact means in 
the closed position. 

2. A control system for connecting a load circuit 
to an alternating current source comprising, a 
pair of contact devices having relatively movable 
contact members with a separation less than 
necessary to interrupt the load current connected 
in parallel circuit relation with each other and 
in series circuit relation. With the load circuit and 
source and having operating windings energizable 
to operate the contact members to connect the 
load circuit to the source, unidirectional current 
means connected in series circuit relation With 
each of the contact devices and in opposite Senses 
to prevent the flow of current therethrough on 
alternate half cycles, control means energizing 
the operating winding of one of the contact de 
vices to close its contact members during a half 
cycle when its associated unidirectional current 
means prevents the flow of current, circuit means 
energizing the operating Winding of the other 
contact device while current flows through said 
one contact device, and additional circuit means 
maintaining the energization of the operating 
windings during the half cycles their associated 
contacts carry the load current. 

3. A control system for connecting a load cir 
cuit to an alternating current Source comprising, 
a pair of switch means connected in parallel cir 
cuit relation with each other and in series circuit 
relation with the load circuit and source operable 
to connect the load circuit to the source, rectifier 
means connected in series circuit relation with 
each of the switch means and in opposed rela 
tion. So as to block the flow of current through the 
switch means on opposite half cycles, grid con 
trolled valve means effecting operation of One 
of the switch means to connect the load circuit 
to the source in a half cycle when its associated 
rectifier means blocks the flow of current, circuit 
means dependent on the connection of the load 
circuit to the source by said one SWitch means 
effective to maintain said one SWitch means in 
the operated position and effect operation of said 
other switch means to connect the load circuit 
to the source during the next half cycle, and addi. 
tional circuit means dependent on the operation 
of said other switch means effective to maintain 
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Said other Switch means in the operated position 
during the half cycles when its associated rectifier 
means conducts the load current. 

4. A timing system comprising, a pair of con 
tact devices connected in parallel circuit rela 
tion for connecting a load circuit to an alter 
nating current source, unidirectional current 
means connected in Series circuit relation. With 
each of the contact devices in opposed relation 
for blocking the flow of current therethrough on 
half cycles of opposite polarity, timing means 
including a grid controlled valve connected to 
effect closure of one of the contact means for a 
predetermined number of alternate half cycles 
during which its associated unidirectional cur 
rent means blocks the flow of load current, cir 
cuit means dependent on the closure of said one 
Contact means for maintaining closure of said 
One contact means and effecting closure of said 
other contact means during the next half cycle 
and Succeeding alternate half cycles, and addi 
tional circuit means maintaining closure of said 
other contact means during the half cycles in 
which said other contact means carries the load 
Current. 

5. The combination with a load circuit and a 
Source of alternating current of, switch means 
Operable to connect the load circuit to the Source 
and provided with an operating winding, addi 
tional switch means having an operating wind 
ing, said additional switch means being con 
nected in parallel circuit relation with the first 
mentioned Switch means and operable to con 
nect the load circuit to the source, rectifier means 
connected in Series with the first-mentioned 
SWitch means to block the flow of current in one 
direction, additional rectifier means connected 
in Series circuit relation with the additional 
Switch means to block the flow of current in the 
other direction, control means including a grid 
controlled valve operable to energize the operat 
ing winding and effect operation of the first 
mentioned SWitch means during a predetermined 
number of half cycles when its rectifier means 
blocks the flow of current for connecting the 
load circuit to the Source during the Subsequent 
half cycle, circuit means completed by the Switch 
means and including rectifier devices providing 
energizing circuits for the operating windings of 
the first-mentioned switch means and the addi 
tional Switch means when said first-mentioned 
SWitch means conducts load current, and circuit 
means completed by the additional Switch means 
and including rectifier means providing an ener 
gizing circuit for the operating winding of the 
additional SWitch means while it carries the load 
current. 

6. A SWitching System for effecting the ener 
gization of a load circuit from an alternating 
current source comprising, a pair of Switch 
devices connected in parallel circuit relation be 
tween the load circuit and the source, rectifier 
means connected in Series circuit relation with 
each of the Switch devices for blocking the flow 
of current therethrough on opposite half cycles, 
impedance means Connected in series circuit re 
lation with one of the switch devices, an addi 
tional switch device connected in parallel circuit 
relation with the other Switch devices, control 
means operable to effect operation of the SWitch 
device having the Series impedance to connect 
the load circuit to the source during a half cycle 
When its rectifier means blocks the flow of cur 
rent, circuit means dependent on the closure of 
Said SWitch device to effect operation of the 
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other switch devices on the next half cycle, and 
circuit means dependent on the closure of the 
other switch device having rectifier means in 
series therewith to retain said switch means in 
the operated position during a half cycle where 
in it carries the load current. 

7. A Switching System for controlling the Con 
nection of a load circuit to a source of alternat 
ing current comprising, contact means operable 
to connect the load circuit to the source, rectifier 
means connected in series with the contact means 
to prevent the flow of current on alternate half 
cycles, impedance means connected in Series 
With the contact means to limit current trans 
ients, means for Operating the contact meanS 
including a normally non-Conductive Valve pro 
vided with a control circuit rendering it con 
ductive only on the half cycles when the contact 
neans is blocked by the rectifier means, addi 
tional contact means operable in response to op 
eration of the said contact means to provide a 
relatively low impedance path between the load 
circuit and the source while the said contact 
neans remains closed, auxiliary Contact means 
operable in response to operation of Said contact 
means to provide an additional path between the 
load circuit and the source, rectifier means con 
nected in series with the auxiliary contact means 
in the opposite sense to that of said switch means, 
and circuit means operable to retain the auxiliary 
switch means in the operating position until the 
load current is blocked by its rectifier means. 

8. A control System for controlling the energiza 
tion of a circuit from an alternating Current 
source comprising, a contact device operable to 
connect the circuit to the source having a Con 
tact separation less than that necessary to in 
terrupt the load current and having a rectifier in 
Series thereWith to block the load current on 
alternate half cycles, impedance means connected 
in series with the contact device to limit current 
transients, control means operable to effect op 
eration of the contact means only in a half cycle 
when the rectifier means blocks the flow of cur 
rent, an additional contact device operable under 
the control of said contact means to provide a 
low inpedance connection between the circuit 
and the source, and an auxiliary contact device 
having rectifier means connected in the opposite 
sense operable under the control of Said Switch 
device to disconnect the circuit from the Source 
when its rectifier means blocks the load current. 

9. Switching means for use with an alternating 
current source and a load circuit comprising, a 
first contact device interposed between the source : 
and the load circuit having rectifier means in 
series relation therewith to prevent the flow of 
current on half cycles of one polarity and having 
an operating Winding, a Second contact device 
having an operating Winding, said second device 
having rectifier means in Series relation there 
with to prevent the flow of current on half cycles 
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12 
of the opposite polarity connected in parallel. With 
the first contact device and rectifier means, cir 
cuit means including a unidirectional current 
device connecting the winding of the first device 
for energization on half cycles of one polarity 
independently of said second device, and circuit 
means for selectively energizing said Windings 
and effecting operation of the contact devices to 
complete and interrupt the load circuit during 
the half cycles that current flow therethrough is 
blocked. 

10. A control System comprising, a first SWitch 
means having rectifier means connected in Series 
thereWith to block the flow of current there 
through on half cycles of one polarity, control 
means effecting operation of the relay means 
only during half cycles when the flow of Current 
is blocked, and a second Switch means disposed 
in parallel circuit relation with said first SWitch 
means and operable under the control of the 
first Switch means When the Said rectifier means 
does not block the flow of current, and additional 
rectifier means connected in series relation with 
the second Switch means to block the flow of cur 
rent when the first mentioned rectifier means 
does not block the flow of current. 

11. A Switching system comprising, SWitch 
means operable to connect a circuit to a source 
through rectifier means and an impedance dur 
ing a half cycle when the rectifier means blocks 
the flow of current from the source, additional 
Switch means Operable under the control of Said 
Switch means to provide a low impedance bi 
directional path between the circuit and the 
Source, and auxiliary circuit means including 
Switch means and rectifier means connected in 
the Opposite Sense to said rectifier means op 
erable under the control of said Switch means to 
maintain a connection between the circuit and 
Source for one half cycle after the said switch 
means opens. 

GAYLORD. W. PENNEY. 
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